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(54) TEMPERATURE CONTROL METHOD FOR INJECTION MOLDING MACHINE 



(57) A temperature control method for an injection 
molding machine capable of performing stable tempera- 
ture control at all times irrespective of the heat capacity 
of an object of temperature control. A temperature of an 
object of temperature control, such as a heating region 
of an injection cylinder, an injection nozzle and a mold, 
is detected by a respective temperature sensor G1 -Gn. 
A feedback control of temperature is performed by a 
servo CPU (24) so that the detected temperature coin- 
cides with a set temperature, to obtain an electric cur- 
rent command value. Further, an actual electric current 
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flowing in each of heaters Hl-Hn is detected, and a 
feedback control of electric current is performed so that 
the actual current coincides with the current commarxl 
value obtained by the temperature feedt>ack control. 
Thus, stable temperature control is realized with less 
fluctuations of the electric current flowing in the respec- 
tive heater Hl-Hn and less fluctuations of the tempera- 
ture of the otpject of temperature control In comparison 
with on/off control method. 
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Description 
TECHNICAL FIELD 

The present invention relates to a temperature con- s 
trol method in injection molding using an injection mold- 
ing nnachine. 

BACKGROUND AFVT 

10 

In carrying out an injection molding using an injec- 
tion molding machine, objects of temperature control, 
such as a plurality of heating regions defined by dividing 
a cylinder of an injection molding machine, a nozzle and 
a mold mounted on the injection molding machine, are is 
heated by the respective heaters such as band heaters 
or rod heaters. A temperature of each object of temper- 
ature control is detected by a temperature sensor such 
as a thermocouple and a feedback control of tenpera- 
ture is performed so that the detected temperature coin- 20 
cides with a set temperature. In the conventional art. the 
temperature control is accomplished by an on/off con- 
trol. That is, the temperature of each object of tempera- 
ture control is controlled by adjusting the calorific value 
generated by the heater per unit time, which is realized 25 
by manipulating a turn-on time during which the fixed 
electric current is supplied to the heater and a turn-off 
time during which no electric current is supplied to the 
heater. 

In the conventional temperature control method, as 30 
the on/off control is employed in which the ratio between 
the turn-on time for supplying the fixed electric current 
to the heater and the turn-off time for pausing the elec- 
tric cunrent to the heater is controlled, the value of the 
electric current flowing in the heater fluctuates largely 35 
and therefore the calorific value generated by the heater 
fluctuates largely. In the case where the heat capacity of 
the object of temperature control such as a cylinder and 
a nozzle is relatively large, a large fluctuation of the cal- 
orific value of the heater would give a small influence on 40 
change of temperature of the object of temperature con- 
trol to cause no problem. In the case where the heat 
capadty of the object of temperature control is relatively 
small, however, the temperature of the object of temper- 
ature control would vary largely in response to a change 4S 
of the calorific value generated by the heater, thereby ^ 
causing a problem such that the stable temperature 
control is not realized. 

DISCLOSURE OF INVENTION so 

An object of the present invention is to provide a 
temperature control method for an injection molding 
machine capable of performing a stable temperature 
control at all times, irrespective of heat capacity of an 55 
object of temperature control. 

According to the present invention, a temperature 
of an object of temperature control, such as a heating 
region of an injection cylinder, an injection nozzle or a 



mold, is detected and a feedback control is performed to 
obtain a command value of an electric current to be sup- 
plied to the heater so that the detected temperature 
coincides with a set value. Based on the obtained com- 
mand value, the tenperature of the object of tempera- 
ture control is controlled by manipulating the value of 
the current to be supplied to the heater. When the 
detected temperature is lower than the set value, the 
electric current command value increases to raise the 
electric curi-ent flowing in the heater, so that the calorific 
value generated by the heater increases to cause a rise 
of temperature of the object of temperature control. 
Corrtrarily. when the detected temperature is higher 
than the set value, the electric cun-ent command value 
decreases to reduce the electric cun-ent flowing in the 
heater, so that the calorific value generated by the 
heater decreases to cause a drop of the temperature of 
the object of temperature control. As a result, the tem- 
perature of the object of temperature control is kept at 
the set value. 

Further, an actual current flowing in the heater is 
detected and a feedback control of electric current is 
performed so that the detected actual current coincides 
with the command value obtained by the temperature 
feedback control in order to control the temperature of 
the object of temperature control more accurately. 

BRIEF DESCRIPTION OF DRAWINGS 

FIG. 1 is a block diagram of a control apparatus of 
an injection molding machine for carrying out the 
method of the present invention; 
FIG. 2 is a block diagram of a portion relating to the 
temperature control in the control apparatus shown 
in FIG1; 

FIG. 3 is a flowchart showing PID temperature con- 
trol. 

BEST MODE FOR CARRYING OUT THE INVENTION 

In an embodiment of the present invention as 
shown in FIG. 1. an injection molding machine 40 is 
drivingly controlled by a numerical control device 10. 
The numeral control device 10 comprises a CPU 29 for 
CNC as a microprocessor for numerical control, a CPU 
22 for PfolC as a microprocessor for programmable 
machine control, a servo CPU 24 as a microprocessor 
for senra control, and a CPU 21 for pressure monitor. 
The numeral control device 10 transmits information 
among the respective microprocessors by selecting 
their respective inputs/outputs via a bus 26. The pres- 
sure monitor CPU 21 is a microprocessor for executing 
sampling of an injection dwell pressure and an back 
pressure of ah injection screw via an A/D converter 20 
and a pressure detector (not shown) provkied on the 
screw. 

The PMC CPU 22 is connected to a ROM 13 which 
stores a sequence program for controlling a sequential 
operation of the injection molding machine and to a 



2 



(=0 O 797 M7 A1 



4 



RAM 14 for temporary storage of arrlhmetic data. The 
CNC CPU 29 is connected to a ROM 31 which stores a 
program for generally controlling the injection molding 
machine and to a RAM 32 for temporary storage of 
arithmetic data. s 

Further, the servo CPU 24 is connected to a ROM 
25 which stores a control program dedicated for servo 
control and to a RAM 23 for temporarily storage of data. 
The pressure nrionitor CPU 21 is connected to a ROM 
1 1 which stores a control program relating to the afore- io 
mentioned sampling processing of the pressure data 
and to a RAM 12 for temporarily storage of data. Still 
further, the servo GPU 24 is connected to a servo ampli- 
fier 19 for driving servo motors of the respective shafts 
for clamping, injection, screw rotation and ejecting, 15 
based on the commands from the CPU 24. In FIG. 1. 
only the servo amplifier connected to the servo motor 
Mr for screw rotation is shown. Outputs of pulse coders 
(not shown), each associated with the servo motor for 
the respective shaft, are fed back to the servo CPU 24. 20 
and the position and speed are controlled by the servo 
CPU 24 based on the feedback pulses from the pulse 
coders. 

An interface 27 connected to the bus 26 is an 
input/output interface for receiving signals from an oper- 25 
ation panel and limit switches arranged at various parts 
of the injection molding machine, and for transmitting 
various commands to peripheral equipments of the 
injection molding machine. A manual data input device 
with a display (CRT/MDI) 33 is connected to bus 26 via 30 
CRT display circuit 30 and provided with numeral keys 
for inputting numerical data and various function keys 
for selecting monitor display pictures and function 
menu. A nonvolatile memory 28 is a molding data stor- 
age memory which stores molding conditions for an 3S 
injection molding operation (e.g.. injection dwell pres- 
sure condition, measuring and kneading condition and 
set temperatures for various objects of temperature 
control), various set values, parameters, macro varia- 
bles, etc. This memory 28 is also connected to the bus 40 
26. 

An injection cylinder 41 is divided into a plurality of 
regions to be heated and heaters H2-Hn (such as band 
heaters and rod heaters) are provided on an injection 
nozzle 42 for heating the injection nozzle 42 and on the 
individual heating regions of the injection cylinder 41 for 
heating the injection cylinder 41. Also a heater HI is 
mounted on a mold 43 for healing the moW 43 by circu- 
lating a heating medium in a flow passage formed In the 
mold 43. In this embodiment a power amplifier 17 is 
connected to the servo CPU 24 via a D/A converter 16 
for converting digital signals into analog signals and the 
power amplifier 17 controls electric currents flowing in 
the heaters Hl-Hn for heating the respective objects of 
temperature control (the individual heating regions of 
the injection cylinder, the injection nozzle and the mold). 

Temperature sensors G2-Gn are arranged at the 
injection nozzle 42 and the individual heating regions of 
the injection cylinder 41 for detecting temperatures of 



the injection nozzle 42 and the indivkjual heating 
regions of the injection cylinder 41. and a temperature 
sensor G1 is arranged at the mold 43 for detecting a 
temperature of the mold 43. The respective outputs of 
temperature sensors G1 -Gn are inputted to an A/D con- 
verter 1 5, and the A/D converter 1 5 converts analog sig- 
nals from the individual temperature sensors Gl-Gn 
into digital signals to output them to the servo CPU 24. 
Further, the output of the power amplifier 1 7 which rep- 
resents an actual electric current of the respective heat- 
ers HI -Hn is detected by a current detector (not shown) 
and outputted to the servo CPU 24 via an A/D converter 
18. The D/A converter 16, the power amplifier 17 and 
the A/D converters 15. 18 are provided for each object 
of temperature control (each region of the cylinder, the 
nozzle and the mold). In FIG. 1 , however, only the D/A 
converter, the power amplifier and the A/D converter 
which are connected to the heater HI and temperature 
sensor G1 for the mold 43 are illustrated. 

With the arrangement described above, the PMC 
CPU 22 performs a sequence control of the whole injec- 
tion molding machine, while the CNC CPU 29 performs 
pulse distribution to the servo motors for the individual 
shafts, based on the control program of the ROM 31. 
The servo GPU 24 performs a position loop control, a 
speed loop control and a current loop corrtrol based on 
move commands which are pulse-distritxjted for the 
individual shafts and also position and speed feedback 
signals detected by detectors such as pulse coders, in 
the same manner as in the conventional art The servo 
CPU 24 also performs the temperature control of each 
temperature-controlled ot^ject in this embodiment 

FIG. 2 is a block diagram showing a principal part 
relating to the temperature control in the control appara- 
tus shown in FIG. 1. Set temperatures Tl-Tn for the 
individual objects of temperature control (the individual 
heating regions of the injection cylinder 41 . the Injection 
nozzle 42 and the mold 43) are stored in advance in the 
molding data storage RAM 28 In the form of a nonvola- 
tile memory, through the CRT/MDI 33 and the CRT dis- 
play circuit 30. The servo CPU 24 reads the set 
temperatures and the temperature values of the objects 
of temperature control which are converted into digital 
signals by A/D converter, and executes a PID (propor- 
tional, integral and differential) control to obtain an elec- 
tric current command so that each detected 
temperature coincides with each set temperature. 

The outline of the PID control to be executed by the 
servo CPU 24 will be described referring to the fbw- 
chart of FIG. 3. 

The servo CPU 24 repeatedly executes the temper- 
ature corrtrol processing shown by the flowchart of FIG. 
3 in every predetermined processing cycle. 

Rrst the servo CPU 24 sets an index i to 1 (step 
SI 00) to designate and switch the A/D converter 15 pro- 
vided for each object of temperature control and then 
reads the detected temperature Tai inputted to a termi- 
nal i of the A/D converter 15 designated by the index i 
(Step 8101). Subsequently, a value of a register EPi. 



so 
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w?^ • ?:;tores a temperature deviation of a heater corre- 
sp *g to the termina! i (when i is 1 . the heater is the 
rr. . ating heater H1, when i is 2. the heater is the 
nc . leating heater H2 and when i is 3-n, the heater 
is cylinder heating heater H3-Hn) detected at the 
terminal i in the previous processing cycle, is shifted to 
a register Eli (step Si 02). Then, the servo CPU 24 sub- 
tracts the detected tennperature Tai read in Step SI 01 
from the set temperature Tsi fbr the temperature-con- 
trolled object corresponding to terminal i (the set tem- 
perature T1 for the mold 43 when i is 1, the set 
temperature T2 for the nozzle 42 when i is 2. and the set 
temperatures T3-Tn fbr respective heating regions of 
the cylinder 41 when i is 3-n) to obtain a temperature 
deviation and stores it in register Epi (Step 103). The 
temperature deviation value stored in the register EPi is 
added to the register ESi for storing an integrated value 
of the temperature deviations (step 8104). Then, an 
electric current command value Ic is calculated accord- 
ing to the following equation (1) (step SI 05). 

Ic = K1 • EPi+K2 • ESi+K3 • (EPi-EU) (1) 

where K1, K2 and K3 respectively represent propor- 
tional, integral and differential gains for the temperature 
control, and EPi. ESi and EU represent values of the 
respective registers, which indicate a temperature devi- 
ation detected in the present processing cycle, an inte- 
grated value of the temperature deviations and a 
temperature deviation detected in the previously 
processing cycle, respectively. 

The obtained cun-ent command value Ic is output- 
ted to the power amplifier 1 7 for the heater at the individ- 
ual heating regions of the cylinder 41 . the nozzle 42 or 
the mold 43, which corresponds to the terminal i (step 
S106). Then, the sen/o CPU 24 proceeds to step S107 
where an increment is given to the index i, and then 
determines whether or not the index i is less than or 
equal to the number n of the objects of temperature con- 
trol (step 8108). If the index i is less than or equal to n. 
the procedure returns to step Si 01 to repeat step SI 01 
and the subsequent processing. The processing of 
steps 81 01 -81 08 are repeatedly executed until the 
index i exceeds n. so that the individual heaters Hl-Hn 
heat the mold 43, the nozzle 42 and the individual heat- 
ing regions of the injection cylinder 41 , based on the cal- 
culated electric current command values. 

The servo CPU 24 repeats the foregoing process- 
ing fbr every processing cycle to heat the incfividual 
objects of temperature control by the respective heaters 
Hl-Hn and performs the PID (proportion, integration 
and differential) control so that the temperatures of the 
individual objects coincide with the respective set val- 
ues. 

An actual electric current flowing in the heater Hl- 
Hn, which is identical with the output of the current 
amplifier 17. is detected by the current detector and 
converted into a digital signal by the A/D converter 18. 
The servo CPU 24 reads the actual electric current and 



perfomns the PI (proportion and integration) or the PID 
(proportion, integration and differential) control, based 
on the actual electric current value (digital quantity) and 
the electric current command value Ic to obtain feed- 

5 back-controlled electric cunrent command value to the 
heater. Thus, the servo CPU 24 also performs an elec- 
tric cunent feedback control by employing the actual 
electric cun-ent as a controlled variable. This electric 
current command value is converted into an analog sig- 

70 nal by the D/A converter 1 6 and the analog electric cur- 
rent command value is amplified by the power amplifier 
17 to supply to the heater Hl-Hn. The power amplifier 
17 may be an ordinary amplifier for amplifying electric 
power or a power amplifier for performing PWM (pulse 

75 width modulation) control. 

As described above, the temperature feedback 
control is performed and the electric cun-ent feedback 
control is also performed using the electric current com- 
mand value obtained by the temperature feedback con- 

20 trol as a set value. Thus, even if the electric resistance 
of the heaters varies due to the rise of temperature, the 
temperatures of the respective objects of temperature 
control, i.e. the individual region of the Injection cylinder, 
the injection nozzle and the mold, are stably controlled 

25 to coincide with the respective set values. 

In the foregoing embodiment, temperature control 
is performed by the servo CPU 24. however, it nriay be 
performed by any other processor (the pressure monitor 
CPU, the PMC CPU or the CNC CPU). In another alter- 
so native manner, the detected temperature of the heater 
may be fed back to a processor other than the servo 
CPU so that the processor performs the electric current 
feedback control to obtain the electric current com- 
mand, and the obtained electric current command may 

35 be outputted to the servo CPU to perform the electric 
current feedback control fbr controlling an electric cur- 
rent for the heater. 

Further, the temperature corrtrol and the electric 
current control may be performed by a dedicated control 

40 circuit instead of the processor. For example, a temper- 
ature controller for performing the PID control and an 
electric cun-ent controller for performing the PI or PID 
control of the electric current may be provided and the 
detected value from the temperature sensor may be fed 

45 back to the temperature controller. Further, the electric 
current of the hieater may be controlled by performing 
the feedback control by the electric current controller 
based on the electric cun-ent command value obtained 
by the temperature controller and a feedback value of 

so the actual electric current detected by the current detec- 
tor, so that the temperature of the object of temperature 
control is controlled. 

According to the present invention, as the value of 
an electric current flowing in the heater is directly con- 

55 trolled, the temperature fluctuation is smaller than that 
in the case where the duration of electric cunrent supply 
to heater is controlled by on/off operation, thereby ena- 
bfing more stat^le temperature control. Further, since 
the amplifier performs switching operation in the case of 
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adopting the PWM control, a considerable amount of 
electric power can be saved in conrparison with the 
case without adopting the PWM control. Furthermore, 
even when the electric resistance of the heater varies 
due to the rise of the temperature, the value of the elec- s 
trie current to be supplied to the heater is controlled to 
the target value to provide a stable temperature control 
by feedback controlling the electric cunrent flowing in the 
heater. 

10 

Clainis 

1 . A temperature control method for an injection mold- 
ing machine having a heater for heating an object of 
temperature control, comprising the steps of: is 

(a) detecting temperature of said object of tem- 
perature control; 

(b) determining a command value of an electric 
cunrent to be supplied to said heater by execut- so 

ing a feedback control so that said temperature 
detected in said step (a) coincides with a set 
value; and 

(c) controlling the temperature of said object of 
temperature control by manipulating the elec- 2S 
trie current to be supplied to the heater based 

on said command value obtained in said step 
(b). 

2. A temperature control method for an injection mold- 30 
ing machine according to claim 1. said step (c) 
including a step of PWM controlling the electric cur- 
rent supplied to said heater. 

3. A temperature control method for an injection mold- 35 
ing machine according to claim 1. further connpris- 

ing the steps of: 

(d) detecting an actual electric current flowing 

in the heater; and ^ 

(e) executing a feedback control so that said 
actual electric current detected in said step (d) 
coincides with said command value obtained in 
said step (b). 

45 

4. A temperature control method for an injection mold- 
ing machine according to claim 3, said step (c) 
including a step of PWM controlling the electric cur- 
rent to be supplied to said heater. 

so 

5. A temperature control method for an Injection mold- 
ing machine according to claim 1, 2, 3 or 4. said 
object of temperature control including a heating 
region of an injection cylinder, an injection nozzle 
and a injection mold. 55 
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jp, 49-109945, A (W. A. Richards), 
October 19, 1-974 (1-9. 10. 74), 
Full documents & FR, 2215773, A 
& GB, 1432862, A 

jp, 2-213911, A (Seiko Epson Corp-)f 
August 27, 1990 (27. 08. 90), 
Full dociiments (Family: none) 



Relcvaot Co daim No. 



2-5 



2-5 



3-5 



FcmPcr/isAyziqco 



I oT aecaad sheet) (iidy 1992) 
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